Both the S-T segment shift and the injury current were measured using the direct-current magnetocardiogram (d-c MCG) in seven dogs undergoing coronary artery occlusion. The purpose of the measurements was to clarify the origin of the S-T shift in acute ischemia and infarction. Previous measurements, consisting of d-c electrograms recorded from the exposed epicardial surface in situ, are partially inconsistent; also, they are not necessarily representative of the surface electrocardiogram (ECG), which sums broadly over the myocardium. The d-c MCG allows steady myocardial currents in the intact torso to be measured externally; because the d-c MCG sums broadly over these currents, conclusions drawn from it are applicable to the ECG. Coronary artery occlusion was produced by inflating a tube which, about 1 week earlier, had been surgically installed around the artery and exteriorized. During occlusions carried out in the MIT magnetically shielded room, a sensitive magnetometer recorded the d-c MCG at various locations around the torso. Within 20 seconds after occlusion, equal and opposite S-T segment and base-line (d-c) shifts appeared on the d-c MCG; these shifts were maintained for at least 15 minutes, after which they slowly decreased. Therefore, during the acute ischemia produced by these occlusions, the S-T shift is a secondary result of a primary injury current that is interrupted during the S-T interval.
• The S-T segment shift of the electrocardiogram (ECG) has been used for many years as an indicator of myocardial abnormality, especially of ischemia and infarction. Recently, the S-T segment has received increased attention; for example, precordial S-T segment mapping is now undergoing assessment as a clinical tool (1, 2) . Because of the importance of the S-T segment shift, much effort has been made during the last two decades to understand the mechanism of its production; however, some features of the mechanism are still not clear. In the present paper, the new technique of magnetocardiography was used to answer one particular unresolved question. During coronary artery occlusion, is the S-T shift a primary event due to a current flow only during the S-T interval or is it a secondary event due to a steady injury current that is interrupted only during the S-T interval?
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In brief, magnetocardiography is the measurement of the weak magnetic field around the torso which is generated by the heart. This magnetic field is produced by the same ionic currents in the volume conductor, powered by the myocardium, which produce the ECG (3) . A magnetocardiogram (MCG) is a recording by a sensitive magnetic detector, located at some point near the torso, of one component of the magnetic field vector. Since the MCG and the ECG are produced by the same class of currents, although they sample these currents differently, the MCG has the same features as the ECG, such as QRS, T, P, and U waves (4) . However, unlike the ECG, which is designed to be unresponsive to steady or direct current so that it will avoid large skin potentials, the MCG can be usefully allowed to respond to direct current because of the absence of significant steady fields produced by the skin and the fact that troublesome steady fields from other sources can be controlled. Through proper interpretation of the base-line, the MCG with d-c response (the d-c MCG) is able to externally detect direct currents generated by the myocardium, such as the current of injury. The d-c MCG was used in this paper to find the relationship between the current of injury and the S-T segment shift. Figure 1 illustrates the difference between pri- mary and secondary S-T events and shows how the d-c MCG can distinguish between them. In the normal trace (A), the S-T segment is at the same level as the base line; hence, by definition, the shift is zero. Trace B represents a primary S-T event which, if it could be measured separately from the normal trace but with the same measuring or lead system, would appear as a pulse on a zero-level base line; by definition, this event consists of one or more abnormal mechanisms taking place only during the S-T interval. Trace C represents a secondary S-T event which, if it could be measured with a d-c instrument separately from the normal trace, would appear as a zero-level pulse on a shifted base line. This event is due to a current of injury or a direct current that fails to flow only during the S-T interval; the direct current is therefore the primary event. Traces D and F are the two possible combinations of A and B, determined Vol. 36, March 1975 by whether the primary pulse is positive (as shown) or negative. Traces E and G represent the two possible combinations of A and C determined by whether the shifted base line is negative (as shown) or positive. Since the conventional ECG has an arbitrary base line, it cannot distinguish between D and E or between F and G. Measurements to distinguish between them in the past have therefore been made directly on exposed animal hearts with d-c voltmeters. However, the d-c MCG, measured externally to the intact torso, is able to distinguish between these traces by the out-in-out base-line shift: if the S-T shift is a secondary event, the S-T shift and the base-line shift are always equal and opposite, as shown in E and G, independent of magnetometer location. Measurements on exposed animal hearts present two problems. The first of these is the variability among the results which have been obtained. In brief, most of the research during the last two decades into the mechanism that produces the S-T shift falls into one of three categories, involving exposed dog hearts in situ in which ischemia or infarction has been produced by ligation of a coronary artery. The first category consists of d-c electrograms measured on the myocardial surface which allow both the S-T shift and the d-c base line to be recorded (5) (6) (7) . These measurements have shown that there is often a base-line shift which is approximately equal and opposite to the S-T shift as in Figure IE , although there are inconsistencies, especially in the time course of the direct current (6, 7) . The second category consists of d-c electrograms measured intramyocardially (8, 9) ; elaborately, Sayen et al. (9) have shown with polarographic oxygen changes following occlusion that S-T changes occur rapidly and almost simultaneously, but their d-c measurements are variable. The third category consists of d-c epicardial electrograms combined with simultaneous intracellular measurements (10) (11) (12) (13) (14) . Inconsistent results have also been obtained in this category. It is conceivable that the variability in these three groups of measurements is due to the exposure of the heart. As an example, Sayen et al. (9) have pointed out that, in contrast to their intramyocardial measurements, epicardial measurements which they had made earlier were unreliable; epicardially, there was a delay or an absence of electrogram changes following polarographic oxygen changes as a result of occlusion. In another example, Prinzmetal et al. (10) have shown that variation of the epicardial salinity profoundly alters the local S-T and d-c levels. These results support the idea that myocardial voltage measurements, especially of direct current, are unreliable when the surrounding volume conductor is disturbed, perhaps because of changes in both the source ionic concentrations and the volume impedance. This type of problem is solved by performing external magnetic measurements around the intact torso.
The second problem concerns the following question: if the S-T shift on the myocardial electrogram is shown to be the secondary result of a primary injury current, does it follow that the S-T shift on the surface ECG is also due to the primary injury current? Since in practice the electrograms have only sampled a few myocardial points and the ECG is the result of a broad summation over the myocardium, the ECG is not automatically determined from the electrogram. For example, although the electrogram of an occluded area may show a secondary S-T elevation due to a primary injury current, the peripheral area may produce a primary S-T depression that could contribute significantly to the surface ECG, resulting in a net S-T shift on the ECG with both a secondary and a primary component. This uncertainty in the origin of the S-T shift on the surface ECG is largely removed by the d-c MCG measurement; the d-c MCG samples the myocardium broadly from the surface, and conclusions based on this measurement can be directly applied to the ECG.
The present work is a refinement and an enlargement of an earlier pilot study (15) , in which the d-c MCG was first used. That study showed the presence, during coronary artery occlusion, of direct current which was larger than expected and which did not correlate with the S-T shift. This direct current was not generated by the affected area of the heart and was probably of extracardiac origin; the relationship between the S-T shift and the injury current was therefore not satisfactorily resolved. In the present work, the experimental technique was changed significantly; in particular, a more acute time course of occlusion was used. These changes of technique yielded results that are different from those of the pilot study.
Methods

MAGNETIC PREPARATION
Because the pilot study (15) showed the presence of excessive steady fields, lengthy precautions were taken with each dog to eliminate or minimize the source of such extraneous fields. In general, steady fields around a living body are produced by both ferromagnetic particles and ionic currents (the flow of blood, which is electrically neutral, produces zero field). Ferromagnetic particles in the dog's gastrointestinal (GI) tract-contaminating particles that have usually been magnetized by the earth's field and ingested through the food supply (16)-were a major nuisance. These particles are found in canned dog food in which they are deposited as the (steel) top is opened. Ground food generally contains such particles, probably from the steel of the grinding apparatus, and natural foods can also become contaminated with ferromagnetic dirt. Moreover, these particles can be ingested from ferromagnetic objects which the dog gnaws, such as components of the cage. When the sources of contamination were removed, 1 week was generally needed for the particles to be eliminated from the GI tract; the dog could then be considered to be "magnetically clean." We used this term when the steady field at the surface was <1 x 10"' gauss; the term can be applied to any source and to inanimate objects as well as to dogs.
The dogs were boarded in a nonferromagnetic environment and placed on magnetically clean diets. This diet was chosen by magnetically testing various commercial dog foods after they had been subjected to a process called demagnetization. The purpose of this process, often used in these experiments, is to greatly reduce the remanent field from ferromagnetic materials. The process is the same as that used to erase magnetic tape; a hand-held unit produces a slowly decreasing 60-Hz alternating field at the sample when it is slowly withdrawn from the sample. One brand, Kennel Ration Special Cuts, was found to be magnetically clean and was therefore used as the diet, supplemented with demagnetized fresh hamburger. To prevent contamination due to the gnawing of cages, the dogs were placed in cages manufactured from fiber glass and aluminum. Also, floor pipes and gratings in the dog room, to which the dogs were occasionally exposed, were either replaced or covered. All dogs were regularly monitored for contamination, both before and after surgery, and were rejected or deferred for later use if they were not found to be magnetically clean.
Steady ionic currents in the abdomen were another source of extraneous fields. Fields from these sources, which are not as constant in time as fields from particles, have been observed around both humans and dogs; the mechanism of their production is not yet known, except that these currents flow in response to some stimuli of the GI tract. For example, one particular field is produced by reflex ionic currents after the drinking of cold water; it can occasionally rise to 10 x 10" 7 gauss at the abdomen and persists for about 30 minutes. Cognizance was taken of these ionic current fields during monitoring of each dog; no food or water was given for 6 hours before coronary artery occlusion to ensure that the magnetic level due to these sources remained within the allowable limit of 1 x 10"' gauss.
CORONARY ARTERY OCCLUSION
Sixteen mongrel dogs weighing 25-30 kg were surgically prepared approximately 1 week before occlusion. After sodium pentobarbital anesthesia (30 mg/kg, iv), the heart was exposed through a left thoracotomy at the fourth intercostal space. An inflatable Barger balloon occluder (17) was placed on the left anterior descending artery near the tip of the left atrial appendage. Silastic tubing leading to the balloon was exteriorized poster-iorly. Prior to surgery, the balloon occluders and the suture material were routinely checked for ferromagnetic contamination. During magnetic monitoring, a steady magnetic field was noticed after surgery in the vicinity of the surgical wound; this field could not be removed by demagnetization, indicating that the origin was not ferromagnetic material but instead ionic current from the wound. The field diminished as the wound healed; since it could have interfered with the d-c MCG, a minimum surgical recovery period of 6 days was chosen before occlusion to allow this field to decrease below 1 x 10~7 gauss.
Prior to coronary artery occlusion, each dog was sedated with morphine sulfate given intramuscularly, although acepromazine malente was occasionally used. At times these sedating agents produced small extraneous reflex fields from the abdomen, but these fields subsided before the occlusions began. After sedation, the dog was taken into the MIT magnetically shielded room and placed in a fixture (Fig. 2) ; limb and chest ECG leads were then attached, and the dog was thoroughly demagnetized. The doors were then closed, and a series of preocclusion d-c MCG records was obtained to verify both the low level of extraneous fields and the adequate level of the heart signals. Coronary artery occlusion was produced by admitting approximately 1 ml of liquid into Arrangement for recording d-c MCG signals from a dog undergoing infarction in the magnetically shielded room. The SQUID detector was located in the Dewar containing liquid helium, which is shown fixed to the ceiling. The detector output, which was proportional to the horizontal component of the magnetic field (parallel to this page), went to an external station for signal processing and recording. The dog was positioned on a rolling table so that different parts of its body could be placed close to the detector or out of range. The experimenter wore no magnetic material such as shoes (nails), trousers (zipper), etc. Not shown are the leads of the conventional ECG or the apparatus for producing occlusion. Circulation Research, Vol. 36, March 1975 the balloon cuff, and a well-tested sequence (18) of 1-, 2-, and 5-minute trial occlusions preceded a final permanent occlusion. This on-off procedure was different from the occlusion procedure used in the pilot study (15) , in which the artery was gradually occluded over a 20-minute interval. The present procedure allowed the onset time of ischemia to be clearly defined; changes in the d-c MCG during the first few minutes could therefore be clearly noted. The progress of ischemia and infarction was continuously monitored with conventional ECG signals displayed both inside the shielded room and at the external station. The experiment was terminated in about 1 hour when no further changes in magnetic data were expected.
Successful occlusions were carried out in seven dogs; autopsies were performed on five of these dogs to confirm the extent and the location of the infarctions. Of the remaining nine dogs, some were rejected before occlusion because of either large extraneous fields or small MCG signals and others showed no MCG or ECG changes as a result of occlusion.
RECORDING THE d-c MCG
The d-c MCG was recorded with the SQUID (superconducting quantum interference device) described previously (4, 19) , using the arrangement shown in Figure 2 . The base-line level of the d-c MCG only denotes a relative steady field at the detector. This field, however, gives the dog's absolute steady level in the following way: the detector output is recorded first with the dog placed out of detector range, say at 20 cm, then with the dog wheeled up to the detector at a predetermined torso location, and finally with the dog out of range again. The in-out base-line difference, as in Figure 1 , is then a measure of the absolute steady field component at that location. This in-out technique allows a steady magnetic level of < 1 x 10~7 gauss to be conveniently measured in the shielded room's steady background of « 300 x 10~7 gauss without the necessity of reducing this background.
The locations around the torso for d-c MCG measurement were different from those used in the pilot study, in which the dogs were placed on their right side and the d-c MCG was measured at points along the midchest line, oriented horizontally in the room. To minimize relative error, our aim in the present investigation was to obtain d-c MCG signals which were as large as possible, and a preliminary search was made around the torso of each dog for the best measuring locations. These sites were found to be along the right side with the dog placed on its back; usually some tilting away from the experimenter was favorable although, as shown in Figure 2 , the opposite tilt occasionally was best. An increase of about twofold was obtained in this way, with QRS amplitudes occasionally equal to those of humans (10 x 10"' gauss). A sequence of stripes in the vertical plane was marked on the shaved torso of each dog, at 1-inch intervals. Each stripe was numbered in inches, with number 10 passing through the xiphoid. Once the dog was tied in position on the rolling table, the d-c MCG could be recorded from only one vertical level but at different positions on the righthand side, by motion of the table. A sequence of d-c MCG records at either 1-inch or 2-inch intervals was called a scan; the time required to complete a scan of six positions was about 30 seconds. Usually the only component of the magnetic vector that was recorded was 4 1 8
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normal to the skin, as shown by the dog's orientation in Figure 2 , although occasionally scans were made at angles of ± 45° to the skin for verification of the current distribution; the data presented in the present paper only involve the normal component. Scans were made at various times before and during the trials and the final occlusion. The d-c MCG records were never recorded from positions further than 12, because of the extraneous fields that were occasionally centered at the abdominal region and the diminished signal level from the heart.
A preocclusion scan is shown in Figure 3 . The changes in the QRS, T, and P waves with position are typical and are a result of the distribution of currents within the volume conductor of the torso. In a sense, by analogy with the ECG, different positions can be considered to be associated with "different magnetic leads," although the MCG patterns are generally unique and have no counterpart with any ECG lead system. Because of this fact, S-T segment and base-line shifts on the d-c MCG are not called elevations and depressions, which have specific ECG meanings based on convention; the polarity of the d-c MCG signals in the present paper are entirely arbitrary but consistent throughout. The base-line shifts at positions 4 and 6 showed an extraneous steady field at the chest area. Although of unknown origin, extraneous fields such as these were monitored by repeated scans 
Typical scan of normal d-c MCG records at a time just preceding the trial occlusions in dog 7. Each number refers to the position, in inches along the torso, at which the d-c MCG was recorded; number 10 was always defined to be in line with the xiphoid. Typical changes of various features such as the QRS complex and the T and P waves are seen as a function of position. There are no S-T segment shifts, but there are in-out base-line shifts which show the presence of extraneous steady
fields, such as that of -1 x 10' 1 gauss at position 4, which is at the upper limit of acceptability. before occlusion to look for changes with time; occlusions were not performed unless these fields were stable and there was reasonable evidence that they would not change in, say, a 30-minute interval.
The output of the magnetic detector and the ECG signals were continuously recorded on both chart paper and an FM tape recorder; the upper band pass for chart recording in Figures 3-6 was 40 Hz. All of the d-c MCG records were extensively tabulated and studied on playback; special attention was given to changes with position and time and to extraneous fields.
Results
Our data strongly showed that the coronary artery occlusions produced base-line shifts that were approximately equal and opposite to the S-T segment shifts, as illustrated earlier in Figure IE . These opposing shifts appeared simultaneously within 20 seconds after occlusion, and their opposition was well maintained for at least 15 minutes. This opposition was independent of the location of measurement, even though the magnitude and the polarity of the S-T shift varied along the torso. Representative raw data are shown in Figures 4-6 , some graphical data are given in Figure 7 , and a linear regression analysis is presented in Figure 8 and Table 1 . Figure 4A shows that before occlusion there were no S-T shifts and about -1 x 10~7 gauss of extraneous field at position 10 in dog 3, which is acceptable. During occlusion, S-T shifts of opposite polarity appeared at positions 10 and 5; baseline shifts also appeared. At position 10, although this base-line shift was opposite but less than equal to the S-T shift, it was nevertheless pronounced. At position 5, the two shifts were equal and opposite. Figure 4B shows that the S-T and base-line shifts were equal and opposite regardless of the different QRS and T waves at the two positions in dog 4.
Some of the largest and most striking S-T and base-line shifts, always equal and opposite, were recorded from dog 2, as shown in Figure 5 . When large and rapid shifts were seen during the first trial occlusion, it was decided to perform an extra number of 2-minute trials to accumulate the maximum amount of data. Also, with this dog, the "final" occlusion was released in 28 minutes, some time after stabilization had occurred, so that more on-off trials could be immediately performed and data on the character of these shifts following a period of occlusion could be gathered. All trial occlusions, whether preceding or following the 28-minute occlusion, produced the same rapid effects: large and opposing S-T and base-line shifts, which returned to zero on release. This on-off character can be clearly seen in the sequence in Figure 5 , including the final trial occlusions (G and H). This dog was unusual in that there was almost complete electrical reversibility after the 28-minute occlusion which produced pronounced ischemia; this finding allows us to state that there was no irreversible infarction in this case and that the existence of opposing S-T and base-line shifts is a condition of this type of acute ischemia. Whether or not it is also a condition of infarction will be discussed later. It should be noted that premature ventricular beats (PVBs) were present before and during the occlusions (trace C) but tended to diminish as ischemia progressed. These PVBs also showed S-T segment shifts which were equal and opposite to the base-line shifts, as seen in Figure 6 . Unfortunately, it was not possible to use this dog again later for useful occlusions. Data from dog 5, also showing polarity reversal with position (see Fig. 4A ), are plotted in Figure 7 . Almost no extraneous fields were present in this case; hence, the symmetric opposition of the two curves is apparent. In other cases, especially for positions near the abdomen, extraneous fields shifted or distorted the symmetry of such curves. Further analysis of the data was therefore necessary to establish the correlation between the two shifts. A linear regression analysis (20) against each other for various times during the trials and final occlusions, with a different plot for each position. Ideally, the points would fall on a straight line of -45° slope if the S-T shift was a secondary event due to the periodic interruption of the primary base-line shift. To assess the fit of the actual data points to a -45° straight line, the following parameters were calculated, in which the base-line and S-T shifts are called x and y, respectively: the slope M = Ay/Ax, the correlation coefficient R = (2[y L -y]72|y -y] 2 )* and the standard error of estimate S xy = (2 |y -yij7[n -l]) w , where y is the mean value of y, y,, is the y value a point has on the line by vertical projection, n is the number of points, and the straight line is the least-squares fit to the data points. R is a measure of both the spread of points in the direction of the line and their scatter from the line. The negative root of R was chosen because x and y are of opposite sign, yielding R = -1 for a perfect correlation and R = 0 for a completely primary S-T event. S xy is the half-width of a parallel band about the line, which contains 68% of the data points.
Examples of data points and regression lines are shown in Figure 8 ; they illustrate how typical data are combined in the regression analysis. The results of the analysis are given in Table 1 . The total data from the 2-and 5-minute trials were analyzed separately from the total data from the first hour of the final occlusion. Data were omitted from the analysis if the signals were too small to yield a meaningful ratio of signal to noise; these data were from position 12 of dogs 1, 2, 4, and 6 and position 2 of dogs 3 and 7, which was relatively high on the torso of these short dogs. Table 1 shows that a strong negative correlation exists between the S-T and base-line shifts; on the average, | R| > 0.80 and M is grouped at -1.0. Specific correlations which were low, such as those obtained during the final occlusion of dogs 6 and 7, were associated with reduced magnetic signals or with the presence of extraneous steady fields that may have slowly changed, reducing the ratio of signal to noise. Variation of shifts with position at 5 minutes into the final occlusion of dog 5. Position 10 is at the xiphoid. Note that although the polarity of each shift reverses with increased position, the shifts are approximately equal and opposite. These data are representative; they illustrate that the relationship between the S-T segment and base-line shifts is independent of measuring location on the torso.
I 4x10" gauss
These reduced correlations therefore do not necessarily imply the existence of a primary S-T event but are mostly an indication of some noisy experimental data. The time course of the shifts were determined by both visual inspection of the scans serially recorded during the final occlusion and regression calculations of these scans. The visual inspection showed that both the S-T segment and base-line shifts reached a stable maximum during the first 15 minutes after final occlusion and that both shifts slowly decreased thereafter. A separate analysis was made of R for different periods during the final occlusion and, generally, the R value was somewhat degraded in the later periods. Again, the smaller R values may simply reflect the smaller ratio of signal to noise as the magnitudes of the base-line and S-T segment shifts decreased.
Discussion
For the type of occlusions performed in this investigation, it must be concluded from the magnetic data that the S-T segment shift, as recorded and summed from the torso surface, is a result of a periodically interrupted steady current; therefore, it is a secondary event. The occlusion produces the primary steady current at the affected area of the myocardium, and the interruption of this current during depolarization, effectively the S-T interval, produces a shift to zero current during this interval. The fact that these measurements were made around the intact torso constitutes strong evidence Circulation Research, Vol. 36, March 1975 for this conclusion. It also confirms the general results of the previous experiments with the electrograms on the exposed heart; however, there are some detailed differences. The simultaneous occurrence of the S-T and base-line shifts in our experiments is at variance with most of the open-torso measurements, in which the two shifts are present but are not simultaneous (6, 7, 9, 11) . In particular, there is disagreement with the results of Samson and Scher (11). They found that the first occurrence, some 40 seconds after coronary artery occlusion, was a shortening of the membrane action potential which produced a primary S-T elevation on the electrogram; this change was followed some 80 seconds later by a decrease in the membrane resting potential which produced an injury current except during depolarization and hence a secondary S-T elevation. However, the results presented in the present paper indicate that the results of Samson and Scher (11) cannot be representative or applicable when a large fraction of the myocardium is viewed or summed from the torso surface, as with the d-c MCG or the surface ECG. The d-c MCG records in this paper show that the major change after occlusion is the flow of a steady (injury) current, which implies that the membrane resting The shortening of the membrane action potential apparently produces only minor S-T changes, at least when they are viewed with recordings from the torso surface. The PVB data (Fig. 6 ) serve to confirm the secondary nature of the S-T shift, again as viewed from the surface, through the following argument. We assume that there is a steady current generated by the affected area of the myocardium due to the difference between the membrane resting potential of the affected cells and that of the neighboring unaffected region. This current will cease to flow only when the cellular potentials of both regions are identical; this situation can occur when the cells are all depolarized to a zero or an identical overshoot potential during the S-T interval. The current cannot depend on the direction from which the wave of depolarization has come, that is, whether the beat is normal or not. If there is depolarization from any direction and in any sequence whatever, then the steady current will be interrupted and an S-T shift will appear which must always be equal and opposite to the base-line shift. In contrast, for a primary S-T shift, there is no reason for the S-T shift to be dependent on the base-line shift; it will involve the same low correlation relationship with the base-line as the QRS complex and the T wave.
Results of Linear Regression Analysis of Data from All Dogs
The fact that Figure 6 shows that the S-T shift is equal and opposite to the base-line shift for the PVBs, as it is for the normal beats, tends to confirm the argument for the secondary nature of this shift; we have no data which violate this argument.
It is useful to discuss the time course of the shifts. The rapid onset of both shifts after coronary artery occlusion and the rapid return of the d-c MCG to normal after release during a short trial indicate that we are dealing with acute ischemia, in the sense of reversibility; this fact is clearly illustrated in Figure 5 . Our conclusion about the secondary nature of the S-T shift then refers directly to acute ischemia. The question arises: does this conclusion also pertain to acute infarction in dogs? The answer involves events that occur after 15 minutes into the final occlusion, when irreversibility has begun to set in with most dogs as confirmed by autopsy. The decrease of the shifts after approximately 15 minutes of occlusion allows for the possibility of some primary S-T shift; that is, as irreversible infarction begins, the data do not rule out the onset of a new S-T component, possibly due to a shortening of the membrane action potential along with the remaining secondary type. The type and the extent of the occlusions used in these experiments is involved in this Circulation Research, Vol. 36, March 1975 question. The decrease of the shifts and the possibility of a primary component may be related to the location of the tube along the coronary artery and to the fraction of ventricular circulation affected by the occlusion. A more severe occlusion may have yielded more lasting shifts, as in humans, possibly with the secondary S-T nature confirmed for a longer time. The resolution of these uncertainties of acute infarction in dogs would involve a different, new study, in which the nature and the severity of the occlusions are varied, and further refinements would be necessary for increased experimental accuracy with the d-c MCG.
The time course of the shifts helps to explain the contradiction between the present results and the results of the earlier pilot study, in which there was no visible correlation between the S-T and baseline shifts. Because there was no sharp onset of complete occlusion in the method of gradual occlusion which was used in the pilot study both in trials and in the final occlusion, the change in the d-c MCG records after occlusion, which is clearly seen in the present investigation, was not apparent, scans were concentrated in the period when occlusion was judged to be complete in the pilot study, a period that is probably equivalent to sometime after 15 minutes in the present work. Therefore, the decreased shifts, combined with the presence of significant extraneous fields, make the lack of correlation plausible.
The results which have been presented in this paper suggest an application of the d-c MCG to research on the human heart. The d-c MCG can be used to help clarify the mechanism of the S-T shift in several specific abnormalities such as angina pectoris, ventricular aneurysm, and pericarditis and also in apparently normal, young subjects. It would again determine if an S-T shift is accompanied by an equal and opposite base-line shift, therefore the S-T shift in each instance is the secondary result of a primary injury current. Such studies of human subjects will also encounter the problem of extraneous steady fields originating from the GI tract, the abdomen, and, in some cases, ferromagnetic dust in the lungs. These fields can often be eliminated by good demagnetization of the subjects; this procedure would be more effective than it is in dogs because of the greater separation between organs. However, solutions to this problem must ultimately be evaluated during the actual human studies.
